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CHAPTER 1

PRINCIPLES OF HELICOPTER FLIGHT

Basic flight theory and aerodynamics are considered
infull detail when an aircraft is designed. The rotor
repairer must understand these principlesin order to
maintain aircraft safely and to make repairs that are
structurally sound and aerodynamically smooth.

AERODYNAMICS

Aerodynamics deals with the motion of air and with
the forces acting on objects movin? through air or
remaining stationary in acurrent of air. The same
principles of aerodynamics apply to both rotary-wing
and fixed-wing aircraft. Four forces that affect an
arcraft at all times are weight, lift, thrust, and drag;

* Weight is the force exerted on an aircraft by
gravity. The pull of gravity acts through the
aircraft’s center of gravity, which is the point
at which an aircraft would balance if
suspended. The magnitude of thisforce
changes only with a change in aircraft weight.

* Liftisproduced by air passing over the wing
of an arrplane or over the rotor blades of a
helicopter. Lift is the force that overcomes
tﬂeweight of an aircraft so that it can risein
theair.

* Thrust isthe force that moves an aircraft
through the air. In a conventional fixed-wing
arcraft, thrust provided by the ﬂropeller
moves the plane forward while the wings
supply the lift. In a helicopter both thrust and
lift are supplied by the main rotor blades.

* Dragistheforce of resistance by the air to the
passage of an aircraft through it. Thrust force
sets an aircraft in motion and keepsit in mo-
tion againgt drag force.

Any device designed to produce lift or thrust when

passed through air is an airfoil. Airplane wings,

Eropeller blades, and helicopter main and tail rotor
lades are dll airfails (Figure 1-1).

Chord is the distance, or imaginary line, between the
leading and the trailing edge of an airfoil. The
amount of curve, or departure of the airfoil surface
from the chord line, is known as the camber. Upger
camber refers to the upper surface; lower camber
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Figure 1-1. Example of an airfoil

refers to the lower surface. If the surface is flat, the
camber is zero. The camber is positive if the surface
is convex (curves outward from the chord line). The
camber is negative if the surface is concave (curves
inward toward the chord line). The upper surface of
an airfoil always has positive camber, but the lower
surface may have positive, negative, or zero camber
(Figure 1-%/.
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Figure 1-2. Airfoil features
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BERNOULLI'SPRINCIPLE

Bernoulli, an eighteenth century physicist, dis-
covered that air moving over a surface decreases air
pressure on the surface (Figure 1-3). Asair speed
Increases, surface air pressure decreases according-
ly. Thisisdirectly related to the flight of an aircraft.
Asan airfoil starts moving through the air, it divides
the mass of air molecules at itsleading edge. The
distance across the curved top surface is grester than
that across the relatively flat bottom surface. Air
molecules that pass over the top must therefore move
faster than those passing under the bottom in order
to meet at the same time along the trailing edge. The
faster airflow across the top surface creates alow-
pressure area above the airfoil. Air pressure below
theairfoil is greater than the pressure aboveit and
tends to push the airfoil up into the area of lower
pressure. Aslong asair passes over theairfoil, this
condition will exist. It is the difference in pressure
that causes lift. When air movement is fast enough
over awing or rotor blade, the lift produced matches
the wei %ht of the airfoil and its attached parts. This
lift is able to support the entire aircraft. As airspeed
across the wing or rotor increases further, the lift
exceeds the weight of the aircraft and the aircraft
rises. Not al of the air met by an airfoil isused in lift.
Some of it creates resistance, or drag, that hinders
forward motion. Lift and drag increase and decrease
together. They are therefore affected by the airfoil’s
angle of attack into theair, the speed of airflow, the
ar dengity, and the shape of the airfoil or wing.
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Figure 1-3. Bernoulli’s principle

LIFT AND THRUST

The amount of lift that an airfoil can develop depends
on five mgjor factors:

- Area (Sze or surface area of the airfail).
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y tS_ha|?e (shape or design of the airfoil sec-
ions).

* Speed (velocity of the air passing over the
arfail).

* Angle of attack (angle a which the air strikes
the airfail).

* Air density (amount of air in agiven space).

Area and Shape

The specific shape and surface area of an airfoil are
determined by the aircraft manufacturer. An airfoil

may be symmetrical or unsymmetrical, depending on

specific requirements. A symmetrical airfoil is
designed with an equal amount of camber above and
below the airfoil chord line. An unsymmetrical air-

foil has agreater amount of camber above the chord
line. An airfoil with a smooth surface produces more
lift than one with a rough surface. A rough surface
creates turbulence, which reduces lift and increases

drag.
Speed

The speed of an airfoil can be changed by the speed
of the engine or by the angle of the blade. The [ift
developed by an airfoil increases as speed increases.
However, there is alimit to the amount of ift because
the drag (resistance) of the airfoil also increases as
Speed increases.

Angle of Attack

The angle of attack is the angle between the airfoil
chord and the direction of relative wind. Direction
of airflow in relation to the airfoil is called relative
wind. Lift increases as the angle of attack increases
up to a certain point. If the angle of attack becomes
too great, airflow over the top of the airfoil tends to
lose its streamlined path and break away from the
contoured surface to form eddies (burbles) near the
trailing edge. When this happens, the airfoil losesiits
lift, and it stalls. The angle of attack at which burbling
takes place is called the critical angle of attack.

Air Density

The density (thickness) of the air plays an important
part in the amount of lift an airfoll is able to make.
Theair nearest the earth’s surface is much denser
than air a higher altitudes. Therefore, an aircraft or
helicopter can achieve more lift near the ground than
at ahigh altitude. While keeping at the same speed
and angle of attack, an airfoil will dowly make lesslift
as it climbs higher and higher.



AIRFOIL STABILITY

Center of Pressure

The resultant lift produced by an airfoil isthe dif-
ference between the drag and lift pressures of its
urp])per and lower surfaces. The point on the airfoil
chord line where the resultant lift is effectively con-
centrated is called the center of pressure. The center
of pressure of a symmetrica arfoil remains in one
position a al angles of attack. When the angle of
attack of an unsymmetrical airfoil changes, the center
of pressure changes accordingly: the center of pres-
sure moves forward with an Increase in angle of
attack, and the center of pressure moves backward
with a decrease in angle of attack.

Airfoil Aerodynamic Center

The aerodynamic center of an airfoil is the point
along the chord line about which the airfoil tends to
rotate when the center of pressure moves forward or
backward between the leading and trailing edges.

Torque

According to Newton's third law of motion, for every
action there is an equal and opposite reaction. Asa
helicopter main rotor or an airplane propeller turns
in one direction, the aircraft fuselage tends to rotate
in the opposite direction. This effect is calledtorque.
Solutions must be found to counteract and control
torque during flight. In helicopters torque is applied
in a horizonta rather than a vertical plane. The
reaction is therefore greater because the rotor islong
and heavy relative to the fuselage, and forward speed
is not always present to correct the twisting effect.

Gyroscopic Precession

If aforceis applied against a rotating body, the
reaction will be about 90° from the point of applica-
tion, in the direction of rotation. This unusual fact is
known as gyroscopic precession. It pertainsto all

rotating bodies. For example, if you push the 3-

0'clock point on a clockwise rotating wheel, the wheef

would move asif it had been pushed at the 6-0'clock

point. The rotors on helicopters act as gyroscopes
and are therefore subject to the action of gyroscopic
precession.

STRESS

Stressis aforce placed on a body measured in
terms of force (pounds) per unit area (square
inches). Aircraft design engineers design aircraft

FM 1-514

to meet — even to exceed — strength require-

ments of military service. Since Army aircraft are
operated under combat conditions, they might ex-
ceed these design limits. Therefore, maintenance
personnel must check constantly for failures and for
signs of approaching failure in aircraft structural

units. Stress may take the form of compression, tor-
sion, tension, bending, or shear or may be a combina
tion of two or more of these forces '

* Compression is resistance to being pushed
together or crushed. Compression is
produced by two forces pushing toward each
other in the same straight line. The landing
struts of an aircraft are under compression
after landing.

Torsion isresistance to twisting. A torsional
forceis produced when an engine turns a
crankshatt. Torque is the force that produces
torsion.

* Tensionisresistance to being pulled apart or
stretched. Tension is produced by two forces
pulling in opposite directions al on? the same
straight line. Pilots put the cables of a control
system under tension when they operate the
controls.

* Bending isacombination of tension and com-
pression. The inside curve of the bend is
under compression, and the outside curve is
under tension. Helicopter main rotor blades
are subjected to bending.

Shear is the stress exerted when two pieces of

metal fastened together are separated by dlid-

|n% one over the other in opposite directions.
When forceis applied to two pieces of metal

fastened together by rivets or bolts, sliding
them across each other, the rivets or bolts are

subjected to shear. Stresswill cut off the bolt
or rivet like a pair of shears. Generlly, rivets
are subjected to shear only, but bolts may be
stressed by shear and tension. Thereis inter-

nal shear In all parts being bent such asthe
skin of sheet metal structures.

LEVERS AND MOMENT OF FORCE

A lever isauseful device found in tools such asjacks,
shears, wrenches, and pliers. To use tools and
balancing dprocedures correctly, the repairer needsto
understand moment of force (Z\mount of leverage).
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BENDING SHEAR

Figure 1-4. Types of stresses

Levers Mechanical advantageis the ratio between the resis-

- , tance and the effort applied to alever. Thisis ex-
Leversare classified as three types according to the : - .
position of the applied force (effort), the resistance, pressed in the following formula

and the fulcrum (the pivot point) (Figure 1-5). In MA = R
Q/pe 1 the fulcrumislocated between the applied E
fort and the resistance. In Type 2 the resistance is MA = mechanical advantage
located between the fulcrum and the egoglied effort.
In Type 3 the applied effort is located between the R = resisting force (weight moved)
resistance and the fulcrum. .
E = effort (applied force)
A : Proper use of mechanical advantage enables arela
u tively small force to overcome a larger resisting force
TYPE 1 by applying the effort through alonger distance than

the resistance is moved. For examgl e, tolift a4-pound

weight (R) which is 2 inches from the fulcrum of a Type

1 lever requires 1 pound of effort (E) applied 8 inches

N - B from the fulcrum. The mechanical advantage of this
lever would be as follows:

AN | R_4
MA=—=—=4
TYPE 2 E 1

Thus, the applied effort in the example would move
through a distance that is four times greater than the

pr N 7 distance the resistance would move.
= V ) Moment of Force
& AE = APPLIED EFFORT A moment of force is the product of a force or weight
Wl rvpe:  n-mesiTance and a distance. To find alever’s moment of force,
multiply the ao#med effort by the distance between
Figure 1-5. Types of levers the point of effort application and the pivot point
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(fulcrum). If the moment of force of the applied

effort equals the moment of force of the resistance,

the lever will balance. If an object to be balanced on

a Type 1 lever weighs 4 pounds and is located 2 inches

from the fulcrum, it could be balanced by a 2-pound

effort applied 4 inches from the fulcrum on the op-
osite side or by al-pound effort applied 8 inches
rom the fulcrum,

VIBRATION

Any type of machine vibrates. However, greater than
normal vibration usually means that there is a mal-
function. Malfunctions can be caused by worn bear-
ings, out-of-balance conditions, or loose hardware,
I allowed to continue unchecked, vibrations can
cause material failure or machine destruction.
Aircraft — particularly helicopters — have ahigh
vibration level due to their many moving parts.
Designers have been forced to use many different
dampening and counteracting methods to keep
vibrations at acceptable levels. Some examples are —

*  Driving secondary parts at different speedsto
reduce harmonic vibrations; this method
removes much of the vibration buildup.

*  Mounting high-level vibration parts such as
drive shafting on shock-absorbent mounts.

* Instaling vibration absorbersin high-level
vibration areas of the airframe.

Lateral

Lateral vibrations are evident in side-to-side swing-
ing rhythms. An out-of-balance rotor blade causes
this type of vibration. Lateral vibrations in helicopter
rotor systems are quite common.

Vertical

Vertical vibrations are evident in up-and-down move-
ment that produces a thumping effect. An out-of-
track rotor blade causes this type vibration.

High-Frequency

High-frequency vibrations are evident in buzzing and
anumbi n%_effect on the feet and fingers of crew
members. High-frequency vibrations are caused by
an out-of-balance condition or a high-speed, moving
part that has been torqued incorrectly. The balanc-
Ing of high-speed parts is very important. Any build-
up of dirt, grease, or fluid on or inside such a part (drive
shafting for example) causes a high-freguency vibration.
Thistype vibration is more dangerous than a lateral
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or vertical one because it causes crystallization of
metal, which weskens it. This vibration must be cor-
rected before the equipment can be operated.

Ground Resonance

Ground resonance is the most dangerous and
destructive of the vibrations discussed here. Ground
resonance can destroy a helicopter in a matter of
seconds. It is present in helicopters with articulated
rotor heads. Ground resonance occurs while the
helicopter is on the ground with rotors turni n(]; it will
not happen in flight. Ground resonance results when
unbalanced forces in the rotor system cause the
helicopter to rock on the landing gear at or near its
natural frequency. Correcting this problem isdif-
ficult because the natural frecwency of the helicopter
changes aslift is applied to the rotors. With &l parts
working properly, the design of the helicopter land-
mgi gear, shock struts, and rotor blade lag dampeners
will prevent the resonance building up to dangerous
levels. Improper adjustment of the landing gear
shock struts, incorrect tire pressure, and defective
rotor blade lag dampeners may cause ground
resonance.  The quickest way to remove ground
resonc?nce isto hover the helicopter clear of the
ground.

NONDESTRUCTIVE INSPECTION

Nondestructive inspection (NDI) methods determine
integrity, composition, physical/electrical/thermal
properties, and dimensions without causing a change
In any of these characteristics in the item being in-

spected. NDI includes —

* Liquid penetrant methods.
* Magnetic particle methods.
* Electromagnetic methods.
* Ultrasonic methods.

* Penetrating radiation.
 Harmonic bond testing.

NDI in the hands of a trained and experienced tech-
nician is capable of detecting flaws or defects with a
high degree of accuracy and reliability. Maintenance
engineering personnel should know the capabilities
of each method. Equally important, thﬁ/ should
recognize the limitations of each method. NDI is not
a panacea for inspection ills —it is merely a means of
extending the human senses. No NDI method should
ever be considered conclusive. A defect indicated by
one method must be confirmed by some other
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method to be reliable. Further, NDI equipment is
highly sensitive and capable of detecting discon-
tinuities and anomalies which may be of no conse-
quence to the particular service acomponent is used
for. Limits for acceptance and rejection are thus as
much apart of an inspection as the method itself. For
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example, ultrasonic inspection equipment isfully
capable of detecting normal grain boundariesin
some cast aloys. Inspection criteria must be
designed to overlook these “normal” returns and to
discriminate in favor of those discontinuities that will
affect the component in service.



